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Abstract
We report results of a search for narrow resonances in e+e− annihilation at center-of-mass energies between 1.85 and
3.1 GeV performed with the KEDR detector at the VEPP-4M e+e− collider. The upper limit on the leptonic width of
a narrow resonance ΓRee ·Br(R → hadr) < 120 eV has been obtained (at 90% C.L.).
Keywords: narrow resonances
PACS: 13.20.Gd, 13.66.Bc, 14.40.Rt
1. Introduction
After the J/ψ discovery, a search for other narrow res-
onances was performed in several experiments. The en-
ergy range between J/ψ and Υ mesons was explored with
MARK-1 at SPEAR [1], LENA at DORIS [2], and MD-1
at VEPP-4 [3]. The upper limit on the leptonic width of
narrow resonances obtained in these analyses varied be-
tween 15 and 970 eV depending on energy. Searches in
the energy range below J/ψ mass and down to 1.42 GeV
were performed only in experiments at ADONE [4–10]
with upper limits of about 500 eV. Recently the latter en-
ergy region was revisited by the KEDR collaboration [11]
in view of a discovery of unexpected exotic states above
the charm threshold, including the narrow X(3872) state,
which proved that surprises are still possible even at low
energies [12]. This paper reports results of a search for nar-
row resonances in e+e− annihilation in the center-of-mass
(c.m.) energy range 1.85-3.1 GeV. The experiment was
performed at the VEPP-4M e+e− collider in Novosibirsk
in 2009 and 2010.
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The outline of this paper is as follows. In Section 2 we
describe our apparatus and trigger conditions. Section 3
describes the experiment. Section 4 deals with hadronic
event selection. Section 5 covers a fit procedure and results
while Section 6 is reserved for conclusions.
2. VEPP-4M collider and KEDR detector
The electron-positron accelerator complex VEPP-4M [13]
is designed for high-energy physics experiments in the c.m.
energy range (W ) from 2 to 12 GeV. The collider con-
sists of two half-rings, an experimental section where the
KEDR detector is installed, and a straight section, which
includes an RF cavity and injection system. The luminos-
ity at the J/ψ in an operation mode with 2 by 2 bunches
reaches 1.5× 1030 cm−2s−1.
One of the main features of the VEPP-4M is its ca-
pability to precisely measure beam energy using two tech-
niques [14]: resonant depolarization and infrared light Comp-
ton backscattering. The accuracy of VEPP-4M energy de-
termination with resonant depolarization reaches ≃10 keV
in the J/ψ region [15]. However, such measurement is
time-consuming and requires dedicated calibration runs
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Figure 1: KEDR detector. 1-vacuum chamber, 2-vertex detector, 3-
drift chamber, 4-threshold aerogel counters, 5-ToF-counters, 6-liquid
krypton calorimeter, 7-superconducting coil (0.6 T), 8-magnet yoke,
9-muon tubes, 10-CsI-calorimeter, 11-compensation solenoid.
without data taking. A new technique developed at the
BESSY-I and BESSY-II synchrotron radiation sources [16,
17] was adopted for VEPP-4M in 2005. It employs the in-
frared light Compton backscattering and has worse preci-
sion compared to the resonant depolarization (50÷70 keV
in the J/ψ region), but unlike the latter can be used during
data taking [14].
The KEDR detector (Fig. 1) is described in detail else-
where [18]. It includes a tracking system consisting of a
vertex detector and a drift chamber, a particle identifica-
tion system of aerogel Cherenkov counters and scintillation
time-of-flight counters, and an electromagnetic calorime-
ter based on liquid krypton in the barrel and CsI crystals
in the endcap. The superconducting solenoid provides a
longitudinal magnetic field of 0.6 T. A muon system is
installed inside the magnet yoke. The detector also in-
cludes a high-resolution tagging system for studies of two-
photon processes. The online luminosity measurement is
performed with two sampling calorimeters which detect
photons from the process of single brehmsstrahlung.
A trigger of the KEDR detector consists of two levels:
primary and secondary. Both operate at the hardware
level and are designed to provide high efficiency for events
with two charged tracks. A primary trigger uses signals
from the time-of-flight counters and calorimeters as inputs,
and the typical rate is 5 ÷ 10 kHz. It can be fired by one
of the following conditions: two separated time-of-flight
counters or one time-of-flight counter and one cluster in the
endcap calorimeter or two clusters in the opposite endcap
calorimeters or one cluster in the barrel calorimeter. A
secondary trigger uses signals from the vertex detector,
drift chamber, and muon system in addition to the systems
listed above, and the rate is 50÷ 150 Hz.
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Figure 2: The beam energy spread σE(Ebeam) dependence on the
beam energy. Open circles - values of σE , obtained from σz of the
interaction region. Black points - fit of σE(Ebeam) based on the
currents in major magnetic elements
3. Experiment description
The experiment was performed in 2009 and 2010. The
energy scan started just above the J/ψ and finished atW=
1.85 GeV. The beam energy Ebeam was measured by the
Compton backscattering technique described in Section 2.
In order to maximize luminosity the magnetic structure
of VEPP-4M was retuned with decrease of the beam en-
ergy. It caused non-trivial dependence of the beam energy
spread σE on Ebeam. The σE was measured using its rela-
tion with a longitudinal size of the interaction region σz .
The values of σE(Ebeam) and their fit, based on the cur-
rents in major magnetic elements, are shown in Fig. 2.
A search for narrow resonances was conducted by au-
tomatic decrease of the c.m. energy by about 2σW (1.4 to
1.9 MeV) steps after collection of required integrated lumi-
nosity at each point. In order to get energy-independent
sensitivity in terms of ΓRee, the integrated luminosity per
energy point varied from 0.3 nb−1 in the upper part of
the energy range to 0.12 nb−1 in the lower one. The data
taken at each energy were analyzed on line. In order to
improve sensitivity, the integrated luminosity was doubled
at the energy points with significant excess of candidate
events.
The luminosity was monitored using the process of
single bremsstrahlung, while the analysis uses the offline
measurement based on elastic e+e− scattering in the end-
cap calorimeter. The total integrated luminosity
∫
Ldt ≃
300 nb−1 was collected.
4. Event Selection
The event selection has two stages. At the first stage we
define the following track-level criteria for charged tracks:
1. The distance of the track closest approach to the
beam in the transverse plane and along the beam
axis should be less than 0.5 and 10 cm, respectively;
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2. The energy deposited by the track in the barrel liquid
krypton calorimeter is above 20 MeV.
At the second stage the following event-selection crite-
ria, which take into account both tracking and calorimetric
information, were applied:
1. The total energy deposited in the calorimeter is above
400 MeV;
2. At least two charged tracks in the event satisfy first
track-level criteria;
3. At least one “good” charged track satisfies both track-
level criteria;
4. There is a charged track acoplanar to the “good”
one: |∆φ − pi| >0.15 rad;
5. Aplanarity of event (a sum of momenta transverse
to the “event plane”) is above 0.1 Ebeam;
6. There are less than 4 hits in the muon chambers;
7. |Σpz/ΣE| < 0.5, where Σpz and ΣE are the total
longitudional momentum and energy of all particles,
respectively.
Condition 4 rejects cosmic rays, Bhabha, and dimuon
events. Condition 5 rejects radiative Bhabha events and
dimuons. Condition 6 rejects cosmic ray showers. Condi-
tion 7 rejects two-photon processes and events with hard
initial state radiation.
5. Fit procedure and results
The observed number of hadronic events in data tak-
ing runs (Nobsi ) was fitted using the maximum likelihood
method [19]:
−2 lnL = 2
∑
i
[
Nobsi ln
(
Nobsi
N expi
)
+N expi −Nobsi
]
(1)
The expected number of hadronic events in data taking
runs (N expi ) is obtained as
Nexpi = σ(Wi) · Li, (2)
where σ(Wi) and Li are the hadronic cross section at the
c.m. energy of the run and the run integrated luminosity,
respectively.
The hadronic cross section σ(W ) is parameterized with
a function that assumes the existence of a resonance with
mass MR, and the leptonic width Γ
R
ee on top of the flat
non-resonant background:
σ(W ) = σ0 + εh(MR)
∫
dW ′ dx·
·σe+e−→R→hadr(W ′)·F (x,W ′)G
(W −W ′
σW (MR)
)
,
(3)
where
σe+e−→R→hadr(W ) =
6pi2
M2R
ΓRee·Br(R → hadr)·δ(W−MR),
σ0 is the non-resonant background cross section at W =
MR, εh is the event selection efficiency for the resonance
hadronic decays, F (x,W ) is the radiative correction func-
tion [20], and G(x) is the Gaussian function. The value
of σW (MR) is obtained from the fit plotted in Fig. 2 as
σW =
√
2σE .
In order to have enough background events for a σ0
measurement, the fits use the energy rangeMR±13 MeV.
The fits were performed with MR varied by 0.1 MeV steps
taking only σ0 and εhΓ
R
ee ·Br(R → hadr) as free parame-
ters. The fits did not reveal statistically significant narrow
resonances other than J/Ψ.
In order to set an upper limit on ΓRee, the event selection
efficiency εh should be estimated. It has been obtained as
follows:
1. Since Γ
J/Ψ
ee · Br(J/Ψ → hadr) is known from the
other measurements [21], εh(J/Ψ) of about 62% was
obtained at the very beginning of the scan in the
J/Ψ energy range.
2. The hadronic decays of a hypotetical resonancemight
differ from those of the J/Ψ one. The relative un-
certainty of εh due to this factor was estimated as
10% from comparison of two Monte Carlo simula-
tions: J/Ψ → hadrons and e+e− → hadrons in
continuum.
3. Variation of εh with energy was estimated from the
drop of the visible cross section of e+e− → hadrons
after it was corrected for theW−2 dependence. Tak-
ing into account R measurements in this energy re-
gion [22], the relative decrease of εh in the experi-
mental energy range was estimated as (22± 7)%.
4. Taking all the factors conservatively, εh(W ) has been
obtained by the linear interpolation between 56% at
W = 3.1 GeV and 40% at W = 1.85 GeV.
The energy-dependent 90% C.L. upper limits on Γ
J/Ψ
ee ·
Br(J/Ψ→ hadr) with the highest value of about 105 eV,
obtained from such a fit, are shown in Fig. 3. 1 Variation
of σW within its 10% systematic uncertainty could increase
the limit to 120 eV.
6. Conclusions
A detailed study of the energy range 1.85-3.1 GeV
at the VEPP-4M collider with the KEDR detector re-
vealed no new narrow resonances in the reaction e+e− →
hadrons. An upper limit obtained for the leptonic width
of possible resonances
ΓRee ·Br(R → hadr) < 120 eV (90% C.L.)
is four to five times more stringent than that obtained in
this energy range in earlier experiments at ADONE [4–10].
1Detailed information on the results of our analysis can be found
in two tables in the electronic supplement to this paper
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Figure 3: W-dependence of 90% C.L. upper limit on ΓRee ·Br(R→ hadr).
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